An analytical method was developed for the identification and quantification of 15 mycotoxins (patulin, nivalenol, deoxynivalenol, aflatoxin B1, B2, G1, G2, M1, T-2 toxin, HT-2 toxin, zearalenone, fumonisin B1, B2, B3, and ochratoxin A) in beer-based drinks (beer, low-malt beer, new genre, and nonalcoholic) by a modified QuEChERS method and an ultra-high-performance liquid chromatography coupled with tandem mass spectrometry (UHPLC/MS/MS). Mycotoxins were extracted from samples using acetonitrile with sodium chloride, anhydrous magnesium sulfate, and sodium citrate, and were then purified with a solid phase extraction (SPE) cartridge including C18. The UHPLC conditions were also examined to establish its optimal conditions for separation. Fifteen mycotoxins were separated in a total of 6.5 min, and were quantified in the optimal mobile phase conditions. Determinations performed using this method produced high correlation coefficients of 15 mycotoxins (R > 0.99) and recovery rates ranging from 70.3 to 110.7% with good repeatability (relative standard deviation RSD < 14.6%). Further, 24 commercial beer-based drinks in Japan were analyzed using this method, and nivalenol, deoxynivalenol, and fumonisins were detected in several samples, but always under the limit of quantification (< 5 ng/mL). These results suggest that the health risk to consumers from beer-based drinks in Japan is relatively low.
Introduction
Mycotoxins are secondary metabolites produced by several species of fungi in the genera Aspergillus, Penicillium, and Fusarium, and are found in several kinds of food, especially cereals and cereal products. Mycotoxins are known to cause severe effects in both humans and animals through their carcinogenic, teratogenic, nephrotoxic and hepatotoxic properties, and pose serious problems for food safety worldwide.
The toxicity of mycotoxins has been evaluated by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) 1 and the International Agency for Research on Cancer. 2, 3 The maximum levels and codes of practice the prevention and reduction have been instituted by the Codex Alimentarius Commission in order to minimize mycotoxin levels in various foods. 4, 5 These regulations have been adopted for foods in many countries; the European Union, especially, places strict regulations on many different kinds of mycotoxins in a wide range of foods. 6 In Japan, in order to evaluate the health risk posed to consumers, the surveillance of crops at risk of being contaminated with mycotoxins and the risk management for foods have been performed by the Food Safety Commission in the Cabinet Office; the Ministry of Health, Labour and Welfare (MHLW); and the Ministry of Agriculture, Forestry and Fisheries. However, regulations specifying the maximum permitted levels have been instituted for only 4 mycotoxins: aflatoxin (AF) B1 in all foods, patulin (PAT) in apples and apple juice, deoxynivalenol (DON) in wheat, and zearalenone (ZON) in animal feed. Further expansion of the regulations is being considered. For example, it is known that not only AFB1, but also AFB2, G1, and G2 have been detected in imported edible nuts (peanut, pistachio and so on) in recent years. Therefore, the new regulations currently being debated would place limits not only on AFB1, but would include total AFs (TAF), such as AFB1, B2, G1, and G2, 7 it was decided by the MHLW that the maximum level of TAF would be 10 μg/kg in all foods and apply from October 1, 2011.
8 Nivalenol (NIV), a derivative of DON, has not yet been regulated worldwide, but it is known to exist in the Asian region, and has been found in domestic wheat. Because the temporary tolerable daily intake (t-TDI) of NIV (0.7 μg/kg body-weight/day) 9 is lower than the provisional maximum tolerable daily intake (PMTDI) of DON (1.0 μg/kg body weight/day), 1 NIV has been investigated for possible regulation in Japan. Regulations for AFM1, a metabolite of AFB1; fumonisin (FM) B1, B2, and B3; and ochratoxin A (OTA) are also likely to be introduced in the near future in Japan. 10 Cereals (e.g., corn, wheat, barley, rice, etc.) are easily contaminated by main mycotoxins, such as AFs, DON, NIV, FMs, OTA, and so on. Since cereals are raw materials of beer and beer-based drinks, it is necessary to consider that the risk of multi-contamination exists in beer and beer-based drinks. Therefore, various analytical methods have been developed for each group of mycotoxin in beer, [11] [12] [13] [14] [15] [16] [17] [18] [19] but each requires a different clean-up method (e.g., immunoaffinity column, solid phase extraction cartridge, and multi-functional cartridge) and specific analytical conditions for liquid chromatography (LC) with different detectors (e.g., ultraviolet detector, fluorescence detector, and mass spectrometer). As a result, analyses of the regulated mycotoxins become time-consuming, and quality control of foods related to mycotoxins become difficult to practice. Therefore, we studied a quick method for identifying and quantifying multi-mycotoxins by unifying clean-up and LC conditions. The analytical targets for mycotoxins that have already been instituted, or are being considered for regulation in Japan, are shown in Fig. 1 .
In order to develop a simple clean-up of mycotoxins, the QuEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe) method, 20 which has recently attracted attention as a simple clean-up method for multiple pesticide residues analysis, [21] [22] [23] was examined in beer-based drinks (beer, low-malt beer, new genre, and nonalcoholic). The characteristic features of the QuEChERS method are as follows: (1) extraction with acetonitrile in a disposable tube, followed by the salting out and removal of water from acetonitrile using sodium chloride (NaCl) and anhydrous magnesium sulfate (MgSO4); (2) purification with dispersive solid phase extraction (dSPE), in which the extract is processed by shaking with either a primary-secondary amine (PSA) silica gel alone, or PSA plus C18 or graphite carbon black (GCB). The greatest advantage of using this method is that the time required to perform the assay is reduced, since there are only two steps involved. In order to further shorten the analytical time, the optimal LC conditions for muti-mycotoxin analysis were examined using ultra-high-performance liquid chromatography coupled with tandem mass spectrometry (UHPLC/MS/MS). This paper describes applying the QuEChERS approach for the determination and quantification of mycotoxins in beer-based drinks.
Experimental

Samples
Random samples of 24 beer-based drinks were obtained from local supermarkets in Japan in 2009. All samples were then stored by refrigeration until analysis.
Chemicals and reagents
Methanol (for LC/MS), acetonitrile (for LC/MS and for pesticide residue and polychlorinated biphenyl (PCB) analysis), ammonium acetate (guaranteed reagent), formic acid (guaranteed reagent), and acetic acid (guaranteed reagent) were purchased from Kanto Chemical Co., Inc. (Tokyo, Japan). Acetnitorile (for LC/MS) was used for the working solutions and UHPLC/MS/MS analysis, and acetnitorile (for pesticide residue and polychlorinated biphenyl (PCB) analysis) was used for sample preparation. Water was purified using a Milli-Q system from Millipore (Molsheim, France). A dispersive SPE (dSPE) Citrate Extraction Tube, dSPE PSA/C18 SPE Clean Up Tube 1 and Spelclean ENVI-Carb cartridge (1 g/12 mL) were purchased from Supelco (Bellefonte, PA). An InertSep C18 cartridge (1 g/6 mL) and InertSep PSA cartridge (1 g/6 mL) were purchased from GL Sciences (Tokyo, Japan). Aflatoxin Mix containing AFB1, G1 (each 2 μg/mL), B2, and G2 (each 0.5 μg/mL), AFM1 (10 μg/mL), and OTA (50 μg/mL) standard solutions were purchased from Sigma-Aldrich (St. Louis, MO). PAT, ZON (each 100 μg/mL), FMB1, B2, and B3 (each 50 μg/mL) standard solutions were purchased from Biopure (Tulln, Austria). NIV, DON, HT-2 toxin (HT-2), and T-2 toxin (T-2) (each 100 μg/mL) standard solutions were purchased from Wako Pure Chemical Ind., Ltd. (Osaka, Japan). The working solutions were prepared as follows: FMs solution containing FMB1, B2, and B3 (each 5 μg/mL) were diluted in acetonitrile/water (50/50 (v/v)) and stored by refrigeration; an AFs solution (containing AFB1, G1, M1 (each 1 μg/mL), B2, and G2 (each 0.25 μg/mL)); OTA solution (1 μg/mL); and other mycotoxins solution (containing PAT, DON, NIV, and ZON (each 50 μg/mL), HT-2 and T-2 (each 10 μg/mL)) were diluted in acetonitrile and stored by freezing.
Sample preparation
A 10-mL sample of each beer-based drink was injected into a 50-mL polypropylene centrifuge tube after being degassed by sonication for 15 min. Then, 10 mL of acetonitrile was added and thoroughly mixed. The contents of a dSPE Citrate Extraction Tube were added, and the mixture was vortexed for 20 s, and then centrifuged at 2380g for 5 min. Then, 5 mL of the acetonitrile phase was cleaned by passing it through an InertSep C18 cartridge previously conditioned with 5 mL of acetonitrile, followed by passing another 5 mL of acetonitrile through the cartridge and by collecting it in a test tube. The eluate was evaporated to dryness under a nitrogen stream at 40 C, and was dissolved with 500 μL of 10 mM ammonium acetate aqueous solution/acetonitrile (85/15 (v/v)). Each sample was filtrated through a 0.20-μm PTFE filter immediately before the UHPLC/MS/MS analysis.
UHPLC/MS/MS analysis
An UHPLC/MS/MS analysis was performed on an ACQUITY UPLC TM system coupled with a Quattro Premier TM XE tandem quadrupole mass spectrometer (Waters, Manchester, UK). MassLynx 4.1 software equipped with QuanLynx software (Waters) was used to control the instruments and to process the data. The UHPLC conditions are listed in Table 1 .
The electrospray-ionization (ESI) source was operated in both positive and negative modes. The operating parameters were: capillary voltage, 3.0 kV (positive mode) and 2.8 kV (negative mode); ion source temperature, 120 C; desolvation temperature, 450 C; cone gas flow, 50 L/h; desolvation gas flow, 800 L/h (both gases were nitrogen); and collision gas flow, 0.3 mL/min (argon gas).
The multiple reaction monitoring (MRM) transitions, the applied cone voltages and the collision energies are summarized in Table 2 .
Performance evaluation
Because there is no authorized guideline concerning the analysis of multi-mycotoxins, we referred to a "guideline for the in-house validation of analytical methods for agricultural chemicals in food" provided by the MHLW in 2007. 24 The performance of the developed method was assessed using beer samples spiked with mycotoxins. The coefficient of linearity was determined using beer samples spiked with each mycotoxin at the following levels: 5, 10, 25, 50, and 100 ng/mL for PAT, NIV, DON, ZON, FMB1, B2, and B3; 1, 2, 5, 10, and 20 ng/mL for AFB1, G1, M1, HT-2, T-2, and OTA; and 0.25, 0.5, 1.25, 2.5, and 5 ng/mL for AFB2 and G2. The recovery and repeatability (relative standard deviation (%RSD)) experiments involved 5 replicate measurements, which were carried out on the same day using beer samples spiked with each mycotoxin at the following levels: 50 ng/mL for PAT, NIV, DON, ZON, FMB1, B2, and B3; 10 ng/mL for AFB1, G1, M1, HT-2, T-2, and OTA; and 2.5 ng/mL for AFB2 and G2.
Results and Discussion
Optimization of UHPLC/MS/MS conditions
Initially, experiments to determine the optimal MS/MS conditions for each mycotoxin were performed by direct injection of individual standards at 1 μg/mL. Then, ESI positive and negative modes were evaluated. The positive mode was effective for the ionization of DON, AFB1, B2, G1, G2, M1, HT-2, T-2, FMB1, B2, B3, and OTA; the negative mode was effective for the ionization of PAT, NIV, and ZON. + . One precursor ion and at least two product ions were selected for the identification and quantification of all target mycotoxins. The selected parameters, as shown in Table 2 , were the cone voltage, the collision energies, and the precursor-to-fragment transitions, optimized for each mycotoxin. An UHPLC separation of each mycotoxin was then performed to determine the optimal conditions, using water/methanol or water/acetonitrile as the mobile phase under the gradient conditions. Each mycotoxin was eluted as a single peak using water/methanol, which resulted in higher detection sensitivity than water/acetonitrile, except for OTA. In addition, for improving the sensitivity, either acetic acid (2 vol%), ammonium acetate (10 mM), or formic acid (0.1 vol%) was added to the mobile phase. Each mycotoxin was successfully detected when acetic acid was used in this way, and the sensitivity was improved. Good sensitivity was also obtained for AFB1, B2, G1, G2, M1, HT-2, T-2, and ZON; but FMB1, B2, and B3 were not detected when only ammonium acetate was used. When only formic acid was added in the mobile phase, better responses were achieved for FMB1, B2, and B3, but worse responses were achieved for AFB1, B2, G1, G2, and M1. PAT, NIV, and DON were not detected. In order to enhance the sensitivity to all the mycotoxins tested, an UHPLC separation was carried out using solvent A: water and B: 2 vol% acetic acid-0.1 mM ammonium acetate-methanol as the mobile phase, with a gradient progressing from 5 to 80% of solvent B over a 5-min period.
However, carry-overs of FMB1, B2, B3, and OTA were observed using this gradient condition. Optimization of the chromatographic condition was performed by focusing on FMB1, B2, B3, and OTA in order to abolish these carry-overs. The solvents A and B as the mobile phase were identical to those used in the UHPLC separation (described, above). The gradient starting points tested were 5, 30, 55, and 80% of solvent B, increasing over 4.5 min to finish at 80% of solvent B. Injections of the standard solutions were followed by ten blank injections. Figure 2 shows chromatograms of the standards of FMB2 and B3, and the following three blank injections. Carry-overs were observed when starting from 5 and 30% of solvent B (Figs. 2 (1) and 2(2)). The carry-over of FMB2, in particular, was observed until the seventh blank injection when the gradient began at 5% of solvent B. However, no carry-over was observed in even the first blank injection when the gradient began at 55 and 80% of solvent B (Figs. 2(3) and 2(4) ), and FMB1, B2, and B3 were not retained on the analytical column when the 80% of solvent B eluent was used (Fig. 2(4) ).
Therefore, two gradient conditions were determined as follows: (1) ranged from 5 to 80% of solvent (B), progressing over 4.5 min for all mycotoxins, except for FMB1, B2, B3, and OTA; and (2) ranged from 55 to 80% of solvent (B) over 2 min for FMB1, B2, B3, and OTA. The total analysis time was 6.5 min for all 15 mycotoxins.
Optimization of clean-up conditions
First, recovery tests were performed to optimize the extraction and clean-up of 15 mycotoxins in beer-based drinks using the QuEChERS methodology. Each mycotoxin added to beer samples at the following levels was extracted by acetonitrile using a dSPE Citrate Extraction Tube containing MgSO4, NaCl, and sodium citrate: 50 ng/mL for PAT, NIV, DON, ZON, FMB1, B2, and B3; 10 ng/mL for AFB1, G1, M1, HT-2, T-2, and OTA; and 2.5 ng/mL for AFB2 and G2. After the extracts were subjected to the clean-up process using a dSPE PSA/C18 SPE Clean Up Tube 1 containing PSA, C18 and MgSO4, the recovery rate of each mycotoxin was verified using an UHPLC/MS/MS. The recovery rates are shown in Table 3 (a). Good recovery rates (> 70%) were obtained for most of the mycotoxins tested, except for FMB1, B2, B3, and OTA. It was assumed that they were not recovered due to being absorbed by PSA. The recovery rates were confirmed using solid phase extract (SPE) cartridges: C18 (InertSep C18), PSA (InertSep PSA), and GCB (Spelclean ENVI-Carb). After extraction using a dSPE Citrate Extraction Tube, the extracts were subjected to clean-up by passing it through each SPE cartridge. The results are shown in Table 3 (b). Good recovery rates (> 70%) were obtained for 15 mycotoxins using a C18 cartridge, whereas poor recovery rates were observed for FMB1, B2, B3, and OTA using a PSA cartridge. It was clear that FMB1, B2, B3, and OTA were absorbed by PSA because of the ionic affinity between the primary and/or secondary amines in the PSA support and the carboxyl groups in FMs and OTA. Poor recovery rates were obtained for AFB1, B2, G1, G2, M1, ZON, FMB1, B2, B3, and OTA using a GCB cartridge, due to π-π interactions between the sp 2 hybrid orbitals in GCB's six-membered rings and the planar aromatic rings in these mycotoxins.
Consequently, when the beer samples were extracted with acetonitrile using a dSPE Citrate Extraction Tube, and were cleaned through a C18 cartridge, better recovery rates were obtained for all 15 mycotoxins. Figure 3 shows UHPLC/MS/MS chromatograms of the cleaned-up beer sample spiked with mycotoxins.
Method performance
Matrix effects are common problems that occur when using LC/MS (MS/MS), and have adverse impacts on the analytical results. In the phenomena, a response of the target substance in a spiked sample is reduced or enhanced, compared to that in a solvent. When observing the matrix effects for a beer sample, it was found that FMB1, B2, and B3 were affected by ion enhancement, and the other mycotoxins were affected by ion suppression. This finding demonstrated that the 15 mycotoxins tested using this method were influenced by the matrix; thereby, the calibration curves were assessed using beer samples spiked with mycotoxins. The results obtained by this evaluation method are reported in Table 4 . The linearity values of the calibration curves for the beer samples spiked with each mycotoxin were > 0.99. The recovery rates ranged from 70.3 to 110.7% with the repeatability (as %RSD) ranging from 4.6 to 14.6%. The limits of quantification (LOQs) of the mycotoxins were the lowest concentration values: 5 ng/mL for PAT, NIV, DON, ZON, FMB1, B2, and B3; 1 ng/mL for AFB1, G1, M1, HT-2, T-2, and OTA; and 0.25 ng/mL for AFB2 and G2, shown on the calibration curves. The recovery rates for PAT and NIV were slightly low compared with those for other mycotoxins. It was assumed the highly polar PAT and NIV that partially remained in the water did not transfer to the acetonitrile phase in the extraction process. It was thought that these recovery rates did not adversely affect the quantification of PAT and NIV, since quantification was performed using calibration curves for beer samples spiked with each mycotoxin. Overall, we have successfully developed an accurate and sensitive method for the quantification of mycotoxins, involving a quick and easy clean-up by a modified QuEChERS method.
Analysis of commercially available samples
The developed method was applied to 24 commercially available beer-based drinks. The results of the analyses are summarized in Table 5 . PAT, AFB1, B2, G1, G2, M1, HT-2, T-2, ZON, and OTA were not detected in any of the beer-based drink samples. Half of the samples tested (a detection rate of 12/24) were found to be contaminated with DON at concentrations of less than the LOQ (5 ng/mL), while some of the samples tested (a detection rate of 2 -5/24) were found to be contaminated with NIV, FMB1, B2, and B3 at concentrations of less than their respective LOQs (each 5 ng/mL). The amounts of mycotoxin detected were all less than 5 ng/mL, which corresponds to less than 1750 ng/bottle. The PMTDI levels for mycotoxins established by JECFA are 1 μg/kg body-weight/day for DON, and 2 μg/kg body-weight/day for FMB1, B2, and B3, alone or in combination. 1 Since the t-TDI level for NIV established by the Scientific Committee on Food (SCF) is 0.7 μg/kg body-weight/day, 2 the intake of DON, FMs, and NIV from these samples would be no more than 0.4% of the PMTDI or t-TDI, even if an individual with a body weight of 60 kg drank one of these beer-based drinks every day. These results suggest that the health risk to consumers posed by intake of beer-based drinks is relatively low. However, continuous observation and further research are needed to estimate the total intake of mycotoxins in food available in Japan. a. The coefficient of linearity was determined using beer samples spiked with each mycotoxin at the following levels: 5, 10, 25, 50, and 100 ng/mL for PAT, NIV, DON, ZON, FMB1, B2, and B3; 1, 2, 5, 10, and 20 ng/mL for AFB1, G1, M1, HT-2, T-2, and OTA; 0.25, 0.5, 1.25, 2.5, and 5 ng/mL for AFB2 and G2. b. The recovery and repeatability (relative standard deviation (%RSD)) experiments involved 5 replicate measurements that were carried out on the same day using beer samples spiked with each mycotoxin at the following levels: 50 ng/mL for PAT, NIV, DON, ZON, FMB1, B2, and B3; 10 ng/mL for AFB1, G1, M1, HT-2, T-2, and OTA; 2.5 ng/mL for AFB2 and G2. 
Conclusions
In this study, we developed an accurate and sensitive method for the quantification of mycotoxins, and applied the modified QuEChERS method, which enabled a quick and easy clean-up.
Owing to its high selectivity, UHPLC/MS/MS analysis will potentially be a useful tool for analyzing mycotoxins. Using this approach, we demonstrated the efficacy of this method by accurately evaluating the intake of mycotoxins in beer-based drinks, and found that the mycotoxin intake from the beer-based drinks analyzed in this study did not pose a significant health risk to consumers in Japan. 
